This article discusses the use of Microcosm, an open hypermedia system developed by the University of Southampton's Multimedia Research Group for Pirelli Cables building wire factory at Aberdare, South Wales. An open hypermedia system allows a single multimedia resource base to be usled for a range of applications, and permits the users to have access to the stored information, in a structured manner. The use of this technology is now widely accepted in education, yet it has not been fully exploited within manufacturing industry for applications such as maintenance, fault diagnostics and operator training. The development of the application is discussed, together with guidelines for the authoring of future systems. With the integration of Microcosm with knowledge-based systems for fault finding and network technology communication to remote databases, the concept of industrial strength hypermedia can be realised. W 'ithin industry, operational and maintenance information is normally held in paper form, with the size of the documentation ranging from a few hundred pages for a medium-sized industrial machine tool, to thousands of individual manuals, with supporting engineering drawings, for a complete manufacturing plant. In practice a number of problems with information retrieval from paper-based documentation can be highlighted:
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'ithin industry, operational and maintenance information is normally held in paper form, with the size of the documentation ranging from a few hundred pages for a medium-sized industrial machine tool, to thousands of individual manuals, with supporting engineering drawings, for a complete manufacturing plant. In practice a number of problems with information retrieval from paper-based documentation can be highlighted:
0 With a paper-based system, if the issuing of updates and modification notes is not rigorously enforced, the available documentation may not be the latest version. 0 The constant cross referencing between text, engineering drawings and parts lists can be both time consuming and prone to error. The quality of the documentation, particularly on the shop floor, can be very poor.
0 Information gleaned by previous niaintainers and operators, normally recorded in personal logbooks, is not easily accessible.
Within any organisation, maintenance personnel are highly skilled, and hence highly priced, therefore the percentage of their time spent on performing useful maintenance tasks must be maximised, in particular the time spent locating the correct information must be minimised. It is the ability to integrate many forms of information, from a number of sources, and allowing the maintenance engineer to access them wil h ease, that has led to the development of computer-based maintenance information retrieval system. The traditional computer-based systems for the presentation and distribution of text together with a limited range of graphical information, in a linear or sequential fashion, is no longer considered sufficient. If the information available is expanded i o include high- quality graphics and video, and is provided n-ith a retrieval system that permits the user to move easily between the different items of information in a structured fashion, then the management of the engineering data resource can be optimised. In this article, the ~r-ork being undertaken by the Multimedia Research Group at Southampton to develop an application, using the Microcosm open hypermedia system, for maintenance and training provision at Pirelli Cables manufacturing plant, Aberdare, South Wales, is discussed.
Hypermedia in the manufacturing environment
Fig. l a shows the principle of information retrieval using a hypermedia system; when the maintainer has completed studying document A, it is possible to proceed to any of three other relevant documents. B. D or E. In a maintenance application, document A could be the circuit diagram, and B, D and E the list of parts, supplier's installation information and a mechanical drawing. The hypermedia system gives a range of options to the individzd user, who determines the o d e y of the documents at the time of wadi8zg.' In effect the author has given the reader a number of alternatives to follow, instead of a sequential stream of information.
To highlight the difference in accessing information in a hypermedia system from other forms of information management, the user is normally referred to be bi,ozai?zg or zavigatiag, as opposed to reading. It can be argued that many non-hypermedia information systems may have some of the features of a hypermedia system, but a true hypermedia system should make the user feel that they are moving freely about the information to satisfy their individual requirements. To ensure that this occurs, the user interface and the navigation tools need to be carefully designed.
In a hypermedia application two separate sets of data are required: the user documents and the linking information. In a number of systems the link information is embedded in the user documents, resulting in a unique application. In Microcosm the linking information is held separately from the resource, therefore it is possible to use the same set of resource for a number of different applications (Fig. lb) . This approach reduces the time and cost to produce related applications, such as for training and maintenance, which normally use a large proportion of identical material, but presented within a different structure. With Microcosm, the resource documents need not be stored in the same physical location as the user's system, but can be accessed over a network; additionally the documents can be of any compatible form, including spreadsheets and databases.
This development of industrial strength hypermedia, where easily maintained open systems can be integrated m-ith existing networks, databases and knowledgebased system technologies, will provide a platform for a complete and flexible information resource within a manufacturing enterprise. 2 The use of hypermedia is particularly suited to engineering applications, as the information is organised into a large number of relatively small documents, the documents related to each other, and at any one time the user only requires a small fraction of information. For example, in the maintenance of a machine tool, the engineer will have to refer to test schedules, electrical circuit diagrams, mechanical drawings, list of parts and perhaps a personal log book.
It must be recognised that to be practical, the delivery computer needs to be taken to the point of use, as opposed to the maintainer leaving the shop floor to refer to a document on a remote desktop computer. In the approach discussed in this article, all the available information is accessed using a portable pen computer, allowing the maintenance engineer to select the required information easily and quickly on the shop floor. This ensures that the most recent version of the correct document is used, and is presented in a clear and consistent format, hence reducing the possibility of errors during the maintenance procedure. In the development of an industrial hypermedia application, a number of questions need to be addressed, in particular those relating to the capture and subsequent authoring of the information resources for the application.
The main product of Pirelli Cables at Aberdare is standard three-core building cable, a large proportion of which is sold in packs containing 100 m lengths. The manufacture of the cable consists of four main processes: metallurgy or the breaking down of copper bars into wire strands of the required size, followed by laying up, where the wires are bunched to form the conductors. The cable is then insulated in the extrusion process before packaging, where the product is cut to length and boxed before dispatch. To form the packs, a number of packaging lines are used (Fig. 2) . In packing the cable, a cardboard carton is erected, while a measured length of cable is wound onto a mandrel. The coil of cable is dropped into the open carton; the packaging line then assembles a reel round the cable. Finally the box is sealed and labelled prior to dispatch.
One aspect of Aberdare's current management practice that needs to be taken into account when considering maintenance provision is the flexibility of the labour force, where line operators are permitted to undertake minor faultfinding on the machine, before maintenance is called. In addition each operator is expected to be familiar with a number of separate processes, so giving flexibility of labour. The development of the Aberdare site and the background to its industrial relations policy has been reported elsewhere.? The mobility of labour and the fact that the packaging line is by its very nature complex, made it an ideal candidate for use with a hypermedia maintenance resource.
Microcosm open hypermedia system
Microcosm is the open hypermedia link service developed by the Multimedia Research Group4 at the University of Southampton, which permits the integration of a wide range of different applications into a single multimedia resource base.i Microcosm has been developed over a number of years, and is currently widely used in a considerable number of applications. At present Microcosm is being made available through Multicosm, a company formed in collaboration with the University of Southampton.
The key features of Microcosm are the separation of the links from the resource base into separate link databases, or linkbases, and the use of a selection-action interface as the primary means of user interaction with the system. With this form of interface, the user selects a word or phrase in a text document, or a component in an engineering drawing, and then chooses the required action from a pull-down menu. The actions available to the user are not limited to those traditioiially associated with hypermedia systems, but include additional features, for example a technical glossary search. As link following becomes a single action following the selection, a user will only require a short familiarisation period with Microcosm before accessing the data resources for the first time.
The application developed for Pirelli Cables has made use of on-screen 'buttons', which on selection invoke a predetermined combination of text or object selection, and action. When a document is displayed a button appears as a highlighted piece of text or o'bject, providing the obvious graphical indication to the users as to where they can move next in the database.
To navigate, the user selects a text string or object and the 'follow link' option by using a button. Microcosm matches the text string against entries stored in the separate linkbase, and displays the choice of destination documents available to the user. Microcosm permits a spectrum of different link types to be defined (Fig. 3) A key feature of Microcosm is the generic link that can be applied whenever the specified text string appears, irrespective of the document type or application in which it appears. The use of a generic link considerably reduces authoring effort, since the link only has to be authored once, but can be applied an infinite number of times. A number of other classes of links are also available: a local link that permits the user to link out of a defined location in a document, and a local link that allows selection from any point in the current documentation.
Microcosm's design emphasises its two main requirements: the ability to use existing applications when required, through the separation of links and information, together with the provision of expandable hypermedia functionality through its modular underlying model. The model consists of two distinct elements; the users see an interface that consists largely of their standard applications entered by a range of Microcosm viewers and tools, co-ordination of these applications is provided by the document control system (DCS). The DCS acts as a mediator to the filter management system (FMS) that provides the actual hypermedia functionality (Fig. 4) .
As the user's interaction with an application generates the hypermedia actions, messages are sent to the DCS and in turn to the FMS. This may in turn result in the activation of links, which results in the FMS sending messages back to the DCS, instructing the opening of a new document at a specific location. Just as the DCS simply implements an open protocol for the coordination of document views, the FMS does not implement hypermedia functions itself, but offers a similar protocol for the control of small processes or 'filters' that implement particular functions. The linkbases are implemented as filters in the Microcosm model, and can be inserted into and deleted from the filter chain easily. By using a number of filters it is possible to create different hypermedia views (for example those required for training or maintenance) of the same set of data.
The Microcosm filter architecture permits dynamic link creation, based on information retrieval and rulebased alg~rithms.~J This facility can be used for the automatic generation of links in large resources bases, together with the development of 'intelligent agents' to guide users around the resource base, for example during fault-finding within industrial plant. Due to its open structure, Microcosm also allows the integration of data generated by suitable third-party software, for example Within the context of Microcosm, a viewer is considered to be any program that is able to display data and can communicate with the DCS. This communication requirement can be a problem for third-party applications; as will be appreciated, not all applications are capable of being made Microcosm aware, as this requires access to the source code or extensive macro programming. The Multimedia Research Group has developed a range of viewers for use with Microcosm allowing a wide range of media and application software to be used.
A feature of Microcosm relevant to engineering applications is the use of viewers that permits the appropriate information to be used to initiate the link retrieval process. An example of this extended functionality is the integration of Microcosm and the industry standard drawing package AutoCAD. If the drawings are stored as bitmaps, Microcosm would have to recognise components as a collection of pixels bounded by a set of rectangular co-ordinates, which is highly inflexible. By using AutoCAD for the circuit diagrams and engineering drawings, Microcosm is able to recognise individual components as objects. This ensures that all the links will keep their meanings whenever changes are made to a drawing without having to reauthor all the links.
With the AutoCAD viewer, the selection of an identifiable button results in the object's name and the associated follow link action being communicated to Microcosm and, as with a text string, used as the basis of link retrieval from the linkbase.
This allows the user to select a component on the circuit diagram, and directly link to further details, for example a test procedure or list of pa.& pig. 5).
While AutoCAD is available as a Microcosm viewer, its use poses a number of problems, in particular its high hardware requirements which, depending on the machine, results in a noticeable delay while a drawing is loaded and displayed. To speed the display of AutoCAD drawings, a read only drawing exchange format or DXF viewer has been developed. The DXF viewer allows a drawing to be displayed as vector graphics without first loading and running AutoCAD, thus minimising delays. In addition the use of a read only DXF viewer ensures that unauthorised modifications to the engineering drawings stored in the resource base carmot be made.
Application development
The biggest hurdle to the successful implementation of a hypermedia application is the authoring required. This requires significant effort in several areas, including the collection and formatting of the data, construction and validation of the linkbase, and subsequent maintenance of the system. Collection and formatting the documentation is the biggest element and can vary depending on the available source material. At one end of the spectrum the documentation to be used may only be available in paper form, and therefore needs to be converted into electronic format before being loaded into the system. At the other end of the scale, all the documentation will be available in electronic form; therefore inputting the information will be a relatively easy task.
If the source material is largely paper based, we have the Aberdare packaging line including the engineering drawings, location drawings, test schedules and list of parts is contained on over 500 separate sheets of paper stored in three large A4 ring binders, all of which had to be converted. In the case of paper-based material, the method n-e evolved required diagrams to be first scanned at either 256 or 16 colour resolution depending on the amount of detail required. After scanning, some touching-up n-as required to lose the most obvious effects of distortion. ;It this stage the opportunity was also taken to reduce the number of colours or grey shades in an image from 24 bit to either 8 bit or 4 bit, whichever gave the most readable ensure authoring is an efficient process. During the authoring process the start points of the links are identified and defined as buttons. At the same time the type of link is selected using the available authoring tools. In the case of engineering drawings it is considered more efficient to define links to part locations as generic links using the name of the part; this has the advantage in that the part location can then be accessed wherever the part name is used without any extra authoring effort (Fig. 6) . The Pirelli application has over 800 documents and 10 000 links, which clearly demonstrates the advantages of using an automatic link generation feature.
As part of the authoring effort for the Pirelli amlicaimage. As some diagrams need retouching occasional replacement of the text and the graphics to give a clear and concise view of the circuit, this process can be time consuming. To speed the processing of text based material use is made of optical character recognition software.
During the development of this application, at times it was considered quicker to redraw or re-enter the information in the correct format, than convert the documents to electronic format. The development of a hypermedia based operation and training manual for a new system should not incur significant additional cost over a paper version, as the source media for either approach nowadays is in an electronic format due to the widespread use of word processors and CAD packages.
Following the construction of the resource base, the link base can be constructed. Microcosm is supplied with a set of tools that work has shown that in the maintenance environment the use of computer-generated graphics is far more acceptable than a photograph. The application uses graphics not only to provide information, but also to act as a menu as part of the user interface (Fig. 7) . In the Pirelli application the images were generated using AutoCAD and 3D studio. Due to the separation of the links from the information, the same graphic can be used for a number of different tasks.
One of the main differences between traditional documentation and hypermedia, is the ability to use temporal data such as sound and video. While these have to be used carefully in the industrial environment, as the user can often become frustrated by having to view the same data repeatedly prior to retrieving the key information, video is particularly useful in the explanation of a dynamic process, such as coil winding or box erection. The Multimedia Research Group is currently working on the tools that will allow the user to select links from temporal information.
The introduction of hypermedia to industry is to a large extent governed by its widespread acceptance by shop floor personnel; this in particular, requires the user interface to be carefully designed. Most of the constraints are centred on finding an acceptable system, which will allow the maintenance engineers to use the hypermedia system easily on the shop floor and have the required storage and display capabilities. At present, the standard interface to systems such as Microcosm uses a mouse as a pointing device; this has been shown to be inappropriate to the shop floor environment. We have reviewed a number of options, and have concluded that the pen computer provides the most acceptable approach, and we are currently running the system on a Compaq Concerto pen computer. The experience of the pen interface on site has been favourable, with the packaging line operators experiencing little difficulty with its use.
We have been conducting trials of the system at Aberdare over the last year; the initial reactions have proved to be very positive. The comments raised during the trials have raised a number of important points regarding navigation. As a result of this feedback, a number of additional navigation tools have been developed that have been incorporated in a tool bar (Fig. 8 ). With these additions only one document at a time is displayed, the other selected documents being redisplayed from the toolbar, and the operator can sequentially move forwards and backwards from the displayed document. This is important when looking at a circuit diagram.
Discussion
As a result of our work, we believe that the advantage of using Microcosm for the provision of shop floor engineering information can be summarised as follows:
The ability to integrate data from a number of applications, with the ability to have controlled access to this data, and to ensure its integrity and security. The 'user friendly' interface to the system permits easy access to the data, and ensures that the correct procedures are followed. The ease of construction of the resource bases and subsequent authoring. The ability of the user to place additional information and notes into the system, within constraints determined by the system manager. The notes can be retrieved at any time by future users. The same database could be used as the basis for interactive training programmes which could be incorporated into traditional training courses. this hypermedia approach is to be fully adopted to deliver operation and. maintenance documentation, the logical extension is to take the delivery :system on to the shop floor to supplement the diagnostic process, and not solely as a computer-based manual. hi this case, the operator will receive assistance from the hypermedia system during the investigation of a fault. While the use of a portable pen computer is acceptable, a number of problems need to be considered, in particular, the security of the computer with the information s1:ored on its disc drives, and the inability to communicate with the factory wide communication system. Recent advances in communication technology have permitted the development of radio-based networks and remote user interfaces; the proposed structure of such a system is shown in Fig. 9 .
With an interface to a factory based local area network available, a large number of significant possibilities arise. Fig. 9 Schematic of a Microcosm application based on network technology; intelligent agents operating as filters link the local application to networks. The wireless link connects the displaykeyboard unit to the server In particular the breakdown maintenance process can be significantly enhanced, both in time and effort. by the implementation of intelligent filters, using information both from the database and from the failed system obtained through the network. A direct result of this approach is that, when a fault occurs, the resource base is entered at the appropriate point (for example giving the location of a component and its functionality). as identified by the intelligent filtering process. Once this is achieved the hypermedia information system n-ill form an integral part of the computer integrated manufacturing system. This communication linking will allow predictive and preventive maintenance procedures to be optimised by using the same resource base but with a different linking strategy. The advantage of the integration of a multimedia package hypermedia package with a network cannot be overemphasised. It will additionalljgive the user the facility to access remote databases, for example stores' records and project management activities, to ensure that problems are solved rapidly and efficiently.
In this article we have discussed the use of open hypermedia systems to develop a resource-based approach to the provision of electronic information systems for the support of maintenance operations in a large-scale industrial
The advantages of the open system approach are in the maintainability of the resource base, the automatic generation of links and the consequent reduction in authoring effort, and the ability to integrate the resource base with other application packages and the general computing environment. The case study described is now undergoing a full evaluation at the Pirelli site in Aberdare, but our initial trials have already clearly demonstrated the advantages of the system and its widespread acceptance.
